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Executive Summary

This report reviews the available information on Stress Corrosion Cracking (SCC) in liquid and gas
pipelines. The information is contained in a number of locations and, although generally consistent
in approach, reveals the uncertainty in both the understanding and practical operational methods to
effectively prevent, detect, assess, and/or remediate SCC in pipelines. Additional research needs are
outlined and prioritized in this regard.

Along with the review of existing information, a questionnaire was circulated to operators, and
several detailed operator interviews were conducted. In addition, the applicability of the current
regulatory oversight, including Integrity Management (IM) plan review, was considered. A review
of procedures for conducting SCC failure investigations was also performed.

Recommendations were made to guide oversight in all areas of the study:

In regard to preventing the initiation of SCC, the single most important recommendation is the
emphasis on coatings that remain bonded to the pipe, but allow the passage of CP current in the
event of disbondment. Emphasis should also be placed on the QA/QC of the surface preparation and
field application. These considerations would apply to both new pipe installation as well as to
coating replacement projects. Apart from this consideration, there are limited practical
recommendations for pipeline operation processes that can prevent SCC initiation.

In regard to SCC causal factors in pipelines and SCC prediction, the recommendations reflect the
technical uncertainty surrounding the subject. Thus, emphasis is placed on written documents in
operational and IM plans that stress awareness and the need for additional data collection to enhance
understanding. The initial plan produced by an operator may follow several available references to
prioritize potential SCC pipe segments and 'develop a consequent ranking and/or segment risk.
However, the emphasis must be such that procedures, especially the collection and integration of
data specific to SCC development from ILI and direct examinations, are identified and implemented
to refine and update this model over time, which will help operators gain a better understanding of
the SCC susceptibility. Therefore, it is recommended that operator plans reflect this need for
continued data and knowledge development and sharing.

When SCC is identified, recommendations are made for data collection, data analysis, and planning
for further action based on the assessment of the threat to pipeline integrity with an emphasis on
written documentation that clearly establishes the decision flow from discovery to field action.
Depending on the field conditions, a number of potential mitigation techniques are available and
should be considered as alternatives for implementation by an operator. Linking the site-specific
SCC data back to the operator linewide model for SCC is recommended for identifying analogous
line situations and consequent direct examination needs.

Finally, written contingency plans, such as designation of pre-qualified personnel, data collection
requirements, and return to service plans, for in-service failures due to SCC are recommended.
Again, any plan should include linking the site-specific data to the operator linewide model for
identification of additional potential SCC occurrences.
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1 Introduction

This report has been developed in accordance with the Statement of Work and proposal submitted in
response to RFP for Technical Task Order Number 8 (TTO 8), “Stress Corrosion Cracking Study.”

1.1 SCC Overview

The pipeline industry and regulatory oversight agencies are well familiar with Stress Corrosion
Cracking (SCC). Report No. DTRS56-“Stress Corrosion Cracking Study” by General Physics
Corporation was prepared for the Office of Pipeline Safety in May 1999. Based on a study
conducted for that report, INGAA reported that SCC accounted for 1.5 percent of the reportable
incidents for pipelines within the United States. This was compared to Canadian statistics where 17
percent of the reported failures were attributed to SCC. This magnitude increase in the percentage of
failures may lead some to believe that SCC is a more serious problem in Canada than in the United
States. However, the report further investigated average incident rates for Canada and the United
States for gas transmission pipelines, and found comparable values leading to this/its conclusion:

“Comparing the incident rates shows that a stress corrosion cracking failure is
almost as likely to occur on a gas transmission pipeline within the United States as in
Canada. Additionally, the extensive funding provided by pipeline operators for stress
corrosion cracking clearly indicates that stress corrosion cracking is a serious
pipeline integrity issue of concern to operators of pipelines within the United States.
The fact that stress corrosion cracking represents ‘only 1.5 percent of reportable
incidents in the United States versus 17 percent in Canada is due to the far greater
occurrence of third party damage in the United States.”

1.2 SCC in Perspective

At an SCC workshop hosted by OPS in Houston, TX on December 2, 2003, information was
presented which included Figure 1-1. The figure indicates that SCC is a relatively small causal factor
for gas transmission pipeline incidents in the U.S. However, the frequency of occurrence of SCC
relative to other failure causes is higher in Canada. The National Energy Board (NEB) reported that
approximately 15 to 20 percent of the failures in Canada were attributable to SCC. The other factors
contributing to pipeline failures are being addressed in various research programs, IM initiatives,
and regulatory oversight directives in both the gas and liquid pipeline industry. The SCC incident
rate is relatively small, yet it is a widespread phenomenon. Moreover, SCC remains a significant
issue largely because the industry’s understanding of this phenomenon is still evolving and practical
methods of addressing SCC are not as mature as methods for addressing other failure causes.
Finally, there have been several recent occurrences of SCC failures in the United States, underlining
the need for a coherent approach using the knowledge and tools currently available, as well as the
need for further research.
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Figure 1-1 Causes of Gas Transmission Incidents| (from OPS Workshop 12/2003)
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2 Background

Recent incidents throughout North America and the world, including Australia, Russia, Saudi
Arabia, and South America, have highlighted the threats to pipelines from SCC. In the United States,
SCC failures on hazardous liquid pipelines have been less frequent when compared with SCC
occurrences on natural gas pipelines. However, three SCC-caused failures of hazardous liquid
pipelines have occurred in 2003. Another hazardous liquid pipeline operator has reported finding

Figure 2-1 Gas Pipeline SCC

Catastrophic Ruptures, Williams Pipeline, May 1 and December 13, 2003
(http://www.corrosion-doctors.org/Pipeline/Williams-explosion.htm)

Extensive industry research has been conducted related to understanding the mechanism(s) by which
SCC affects pipelines and the many factors that pertain to the initiation and growth of SCC. Other
research has been performed regarding detection methods, evaluation procedures, and mitigation
measures. While much remains to be learned about the factors affecting cracking behavior and
methods to detect, evaluate, and mitigate SCC, an understanding is developing within the pipeline
industry about how to effectively manage the SCC integrity threat. This industry understanding is
being documented by organizations such as ASME and NACE International.

1 A significant stress corrosion crack is defined as one that could potentially fail a hydrostatic test and pose a future
integrity threat to the pipeline if not mitigated.
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The Research and Special Programs Administration’s Office of Pipeline Safety (OPS) issued an
Advisory Bulletin on October 2, 2003 that reminds owners and operators of gas transmission and
hazardous liquid pipelines to consider SCC as a risk factor when developing and implementing
Integrity Management Plans.

2.1 Problem Statement

Federal regulations require pipeline operators to identify and address the range of risks to which
pipelines are subjected, including risks associated with SCC. Inspectors need further guidance in
determining if operator risk mitigation efforts are adequate. OPS recognizes the need for the industry
to develop a standard procedure or procedures to assure SCC issues are handled in a consistent and
appropriate manner. OPS also realizes that there is a need for federal inspectors and auditors to
have guidance by which to assess the information provided by the various pipeline operators under
their integrity programs.

Questions that need to be addressed include:

e What do we already understand about SCC and what do we need to know? (i.e., a knowledge
gap analysis)

e Where is SCC found?

e What are the frequency and consequence of SCC-related failures?
e How is SCC detected and characterized?

e What are the susceptibility parameters of SCC?

e What tools exist for detecting SCC and what is their reliability?

To accomplish these goals, RSPA/OPS has requested that a comprehensive study of SCC be
completed.

2.2 Project Scope Overview

The scope of the project is to conduct an overall “umbrella” study of SCC issues relating to pipeline
integrity for both gas and liquid lines, including the history of SCC, level of risk, indicators of
potential for SCC, detection methods, mitigation measures, assessment procedure, and regulatory
procedures for evaluation of industry assessments.

The study was comprehensive in scope and involved coordination with major industry trade
organizations, pipeline operators, pipeline regulators, and industry experts, both here in the United
States and internationally. Known information on the subject of SCC has been assembled or
identified, and any gaps in the efforts to understand, identify, assess, manage, mitigate, and regulate
enforcement of SCC effects and efforts were identified.

Support of the study by all stakeholders has been critical for the successful outcome of the effort.
The study was structured in such a way that public comment period(s) were allowed to ensure the
outcome of those publicly reviewed portions of the study would be met with broad acceptance.
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2.2.1 Phasel

The first phase of the study was to prepare for an OPS-hosted SCC workshop held in Houston on
December 2, 2003. RSPA/OPS and the National Association of Pipeline Safety Representatives
(NAPSR) co-sponsored this workshop on SCC with the pipeline industry trade and technical
associations (API, AOPL, INGAA, AGA, PRCI, and NACE International) to provide a forum for the
discussion of SCC phenomena in both gas and hazardous liquid pipelines.

In preparation, initial consultation of government and industry contacts was conducted. After the
workshop, comments and feedback were incorporated into the draft scope. The study outline was
revised as needed in response to feedback provided during and after the workshop; Phase 1 efforts
concluded on December 31, 2003.

2.2.2 Phase?2

The following activities were developed for Phase 2 of this study:

e Literature Review: Review existing documentation with regard to SCC history, research
conducted to understand the mechanisms causing or contributing to SCC, and prevention,
detection and mitigation of SCC.

e SCC Detection, Science, and History: Compile a report summarizing the history of SCC on
pipelines, explaining the causes and factors contributing to SCC initiation and growth, and
discussing methods for prevention, detection and mitigation of SCC on pipelines, including
effectiveness of in-line inspection (ILI) tools and other in-the-bell-hole examination methods
to detect SCC.

e Research Gap Analysis: Determine SCC-related R&D issues that warrant further research.

e Application of SCC Principles: Develop a practicable procedure regarding how to assess
SCC in operating pipelines within the context of integrity management.

e Regulatory Practices in Foreign Countries: Summarize regulatory practices outside of the
United States (i.e., Canada, United Kingdom, Norway, Australia, Russia, Saudi Arabia, and
South America).

e Recommended Actions for Operator Response and Remediation: Identify recommended
actions to be taken by pipeline operators to facilitate response and assure appropriate
remedial measures are implemented following an SCC-related incident.

¢ Guidelines for Regulatory Response: Develop guidelines for regulatory oversight response
in the event of SCC-related incidents.

2.3 Report Outline

As discussed in Chapter 3 of this report, the Literature Review uncovered a large body of documents
available on various aspects of SCC. For organization purposes, a database was developed to
classify these documents as described in Chapter 3. The understanding of the various aspects of
SCC, stemming from the information contained in these documents, is included in following
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chapters. Note that laboratory research, material testing, and detailed analytical investigations were
not a part of this scope.

The understanding of the current knowledge base and associated practices concerning SCC was
considered too broad a topic to be summarized in one chapter. Accordingly, this second scope item
was broken into four separate chapters — Chapter 4; Understanding Stress Corrosion Cracking (SCC)
in Pipelines; Chapter 5, Prevention of an SCC Problem; Chapter 6, Detection of SCC; and Chapter 7,
Mitigation of SCC. The regulatory practices in the United States and other foreign countries are
discussed in Chapter 8. Chapter 9 concludes the SCC review with a summary of the research needs
related to the SCC problem.

Chapter 10 synthesizes the current knowledge base concerning SCC, both from the results of a
questionnaire circulated to industry and information from interviews with a number of pipeline
operators.

Chapter 11 presents a review of the OPS inspection protocols for an IM plan referencing SCC and
discusses guidelines for oversight of the operator responses to these protocols.

Chapter 12 discusses the response to an in-service failure due to SCC.

Chapter 13 is a summary chapter concluding this study.
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3 Literature Review
3.1 Scope Statement

“Review existing documentation with regard to SCC history, research conducted to understand the
mechanisms causing or contributing to SCC, and prevention, detection and mitigation of SCC.”

3.2 Literature Search and Database

A literature search of technical papers, reports, and articles discussing SCC in pipelines was
conducted in an attempt to identify the most current and informative documents about understanding
and managing SCC. The complete results of the literature review were included in'an SCC literature
database. This Microsoft Access® database was compiled using a database developed for the OPS
from 1998-1999 by General Physics (Hall and McMahon 1999). A few of the reports considered
most informative for understanding and managing SCC are discussed in Section 3.3.

A description of the complete database system containing over 300 references is presented in
Section 3.4.

3.3 Recommended References

The majority of documentation available focuses on understanding the mechanisms of SCC and
conditions conducive to SCC, and is of interest for researchers and others wanting to understand the
science of SCC. However, there are a few papers that provide a useful comprehensive overview of
understanding and managing SCC, and are valuable for the operator, regulator, and others interested
in developing a more general knowledge of SCC.

Perhaps the best of these reports is the Report of the Inquiry [on] Stress Corrosion Cracking on
Canadian Oil and Gas Pipelines by the Canadian National Energy Board (NEB 1996). Composed in
1996, this report is not the most recent; however it is a well-written, readable, and comprehensive
piece. Because it specifically addresses issues on Canadian pipelines, the first two chapters are only
applicable to this study. While the main focus is on near-neutral-pH SCC, the predominate type
experienced in Canada, high-pH SCC is addressed adequately, making this document a very good
basic reference, and one that anyone interested in understanding and managing SCC should read.

Another helpful reference is Stress Corrosion Cracking—Recommended Practices published by the
Canadian Energy Pipeline Association (CEPA 1997a). An effort to revise and update the document
is currently underway. This is possibly the only publicly available document that presents
“practices” to help operators manage longitudinal, near neutral-pH SCC. While being specifically
written to address near neutral-pH SCC, the document is still applicable to all types of pipeline SCC.
The document presents an excellent model for pipeline operators who are setting up procedures for
preventing, controlling and mitigating external SCC.

CEPA produced an additional report that specifically addresses circumferential SCC, a less common
form of SCC (CEPA 1997b). This report documents the experiences of NOVA Gas Transmission
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Ltd., Northwestern Limited, Federated Pipe Lines Ltd., and the SNAM system in Italy in
investigating and mitigating leaks due to circumferential SCC. Subsequently, CEPA issued an
addendum to the Stress Corrosion Cracking—Recommended Practices addressing circumferential
SCC (CEPA 1998). Circumferential SCC occurs when axial or longitudinal stress, not hoop stress, is
the major stress component and is typically associated with ground movement. Circumferential SCC
can be classified as either near neutral- or high-pH SCC.

In their report, Protocol to Prioritize Sites for High pH Stress-Corrosion Cracking on Gas Pipelines,
Eiber and Leis (1998) document the development of a simple form for evaluating the susceptibility
of a pipeline segment to high-pH SCC. An example of an SCC integrity management plan is also
presented. This document provides detailed descriptions of the variables considered to be vital when
determining the degree of susceptibility of a pipeline to high-pH SCC and presents summary level
supporting historical data. On the whole, this paper is easy to read and presents good information for
use in assessing and managing high-pH SCC.

Another good reference is the recently released NACE International Publication 35103, External
Stress Corrosion Cracking in Underground Pipelines (NACE 2003). This document contains much
of the same information as the NEB report, MH-2-95 (NEB 1996), but also incorporates information
learned in the last few years.

3.4 Database Description

The SCC Microsoft Access® database contains basic bibliographic information for over 300
documents, as well as a brief abstract and a number of associated keywords for each report to
facilitate searches of the data. Searches can also be performed on the other information contained in
the database. Upon entry to the database, the menu shown in Figure 3-1 is displayed, allowing either
a general review of the information contained on the database, or the available search options for
more specific information.
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Database Search:

Figure 3-1 Entry i atabase

A typical report is displayed in Figure 3-2. no;gled, so users can perform their
own updates, edits, commenting as 1intenance system, with the menu shown in
Figure 3-3.
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§tess Gorrosion Cracking Database

TNE 10th International Conference on Pipe Protection (BHR PLB # 7)
0 14
AUTHOR Wilson, A.

SOURCE DOCUMENT  10th International Conference on Pipe Protection

ORGANZATION ASME KEYWORD1 coatings
GATALDG BHR Fublication Mo. 7 KEYWORD2 pipeline
PROJECT KEYWORDS repairsirehabilitation
158N 552983743 KEYWORDA stresses
KEYWORDS sulfide
KE YWORDG
DATE 1892
Absiract Data Contents: foreword coating systemsthe development and application of protective pipe

coatings for the gas industry in the United Kingdorm, selection and experience with different
pineline coatings; the development I8l the use of F RE ifiber reinforced epaxy) pipe systems for
industrial and offshare application: heat fused palydlefin systems for fusion bonded epaoxy
coated pipe; novel field joint coating technigues match the latest multi-layer polymeric factor
applied coatings; the application of protective coatings over fusion honded epoxy coatings for
the water services inrservice behavior of buried zinc coated ductile iron water pipes; 3 new
cement lined sleeve for complete protection of small diameter cement-lined steel pipe joints
(pipesup ta 22 ) corrosian, erosion and fire control effect of pressure and flow velocity on
sweet corrosion in high pressure horizontal multiphase pipelines; durability of epoxy coating
gystems under a temperature gradient condition: artificial seaweed cantrolling pipeline scaur-
hasic investigations and design criteria; the study of sulfide stress cracking on internally coated
steel pipe under H25-H20 environments; durahility of polyethylene coated steel pipe at
elevated termperature; fire protection of pipes guality assurance and control coal tar enamels-
the costing for the future; factors affecting the success of insitu rehakilitation of high
temperature pipelines; information to he gained by the monitoring of the electrical
characteristics inherently possed by laminate structured composite pipe components editars:
AL Wilson

Figure 3-2  Typical Document Report from Database
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Update/Add Records M cClose Form

Parkiniz, B.M. and Delanty, B.5.

The Initiation and Early Stages of Growth of Shezs Corozion Cracks in Fipeline
Steel Exposzed to a Dilute, Mear-Meutral pH S olution
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Figure 3-3 Maintenance Menu of Database

3.5 References
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references).

CEPA. 1997a. Stress Corrosion Cracking—Recommended Practices. Canadian Energy Pipeline
Association.

CEPA. 1997b. The CEPA Report on Circumferential Stress Corrosion Cracking. Submitted to
the National Energy Board. Canadian